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ABSTRACTED-PUB-NO: JP2001156454A 
BASIC -ABSTRACT: 

NOVELTY - Green sheets (2a, 3a) are formed alternately, and a 
cavity (4) is 

formed in one portion of the sheets. A raw function element 
(5a) comprising 

green sheet (6a) for elements is formed in the cavity. The 
other portion of 

green sheets is made to contact with the green sheets 
comprising raw function 

element to form a multilayered ceramic substrate (la) which 
is then baked so 

that shrinkage of raw function element in main surface 
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direction of sheets is 
suppressed. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included 
for multilayered 

ceramic substrate manufacturing method. 

USE - For manufacture of multilayered ceramic substrate with 
built-in capacity 
of inductor element . 

ADVANTAGE - Prevents shrinkage contraction in the direction 
of main surface of 

green sheets, thus stabilizing the characteristics of 
function element. 

DESCRIPTION OF DRAWING (S) - The figure shows the sectional 
drawing of raw 
composite material. 

Ceramic substrate la 

Green sheets 2a, 3a 

Cavity 4 

Raw function element 5a 
Green sheet for elements 6a 
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(54) Multi-layer ceramic substrate and method for producing the same 



(57) The present invention provides a method for 
producing a high-density multi-layer ceramic substrate 
(1) with stable characteristics, the substrate (1) incorpo- 
rating therein a passive component (10, 11) such as a 
high-precision capacitor or inductor. The method com- 
prises the steps of providing compact blocks containing 
a green ceramic functional material to form passive 
components (10, 11); providing a composite green lam- 
inate which contains a ceramic green sheet having a 
plurality of ceramic green sheets comprising a ceramic 
insulating material and in which the compact blocks are 
built in pre-disposed spaces and a paste containing a 
metal inducing, during firing, oxidation reaction accom- 
panied by expansion is provided in space between 
inside walls of the spaces and the compact blocks; firing 
the composite green laminate in a state in which the 
laminate is sandwiched by the sheet-like supports 
formed of green ceramics that cannot be sintered at the 
sintering temperature, so as to prevent shrinkage of the 
laminate; and removing the unsintered sheet-like sup- 
ports. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a multi-layer 
ceramic substrate and a method for producing the 
same, and more particularly, to a multi-layer ceramic 
substrate including passive components such as capac- 
itors and inductors, and to a method for producing the 
same. 

Description of the Related Art 

[0002] As electronic devices have become smaller, 
there have generally been used ceramic substrates 
made of ceramic insulator and packed with various elec- 
tronic components that constitute electronic circuitry. 
Recently, in order to attain an increased packing density 
and to meet high-frequency requirements, integral 
multi-layer ceramic substrates have been developed. 
These integral substrates are made by laminating a plu- 
rality of low-dielectric-constant ceramic sheets each 
being provided with circuit patterns by use of paste con- 
taining a low-resistance conductive material such as 
Ag, Ag-Pd alloy, Cu, or Au, and firing the resultant lami- 
nate. 

[0003] To attain even higher packing density, it would 
be advantageous to form a substrate by use of a mate- 
rial having a low dielectric constant and to construct a 
structure incorporating passive components therein 
two-dimensionally or three-dim ensionally. Particularly, 
three-dimensional incorporation of passive components 
is more favorable than two-dimensional incorporation, in 
view of packing density, degree of freedom in circuit 
design, and electrical characteristics. Achieving three- 
dimensional incorporation requires a so-called heterolo- 
gous material-joined substrate in which the substrate 
material and the material for passive components are 
combined, the material for passive components being 
heterologous to the former material and including a 
capacitor material, inductor material, resistor material, 
etc. having a dielectric constant different from that of the 
substrate material. 

[0004] To obtain such a three<iimensional passive- 
component inclusion structure, the following methods 
have conventionally been used. 
[0005] A first method is called a thick-film method. The 
thick-film method includes the steps of printing patterns 
by use of dielectric paste and the like on green sheets 
which are to be formed into substrates by means of a 
thick-film forming technique, stacking the green sheets 
and joining them with pressure, and firing the sheets to 
partially include capacitors and the like in finished multi- 
layer ceramic substrates. This method involves the fol- 
lowing drawbacks. 



(1) Because variation in thickness of paste on the 
sheet is rather large and precision of printing the 
paste is insufficient, variation in capacitance or 
other characteristics is rather large. 
s (2) The paste on the green sheet is deformed in 
processes of pressure-joining the sheets and firing, 
which may cause variation in capacitance and like 
characteristics. 

(3) Repeated printing and lamination of the sheets 
10 leads to deteriorated surface flatness of the printed 

portion, making it difficult to increase the number of 
sheets of the laminate or, in the case of a capacitor, 
to increase capacitance thereof. 

is [0006] A second method is described in Japanese 
Patent Application Laid-Open {kokai) No. 288498/1986. 
According to this method, chip-type ceramic passive 
components sintered in advance are incorporated inte- 
rior of a laminate formed of a plurality of ceramic green 

20 sheets which are to be formed into a substrate. This 
process may overcome the drawbacks involved in the 
first method; however, shrinkage behavior must be 
strictly controlled in X, Y, and Z directions of ceramic 
green sheets, and the method has another drawback in 

25 that the materials which can be used as ceramic green 
sheets for providing substrates are considerably limited. 
In addition, the method involves the following problems. 

(1) When chip-type passive components are 
30 included within the space formed in a substrate, 

undesired gaps tend to be formed between the pas- 
sive components and the corresponding inner sur- 
faces extending perpendicular to the lamination 
planes, which gaps may cause formation of depres- 

35 sions at the surface of a substrate. Particularly, 
when the substrate is made of a glass-containing 
material, depressions become more significant, 
and in the worst case, cracks extending perpendic- 
ular to the lamination planes may be generated in 

40 the surface of the substrate or in the interface 
between the passive components and the sub- 
strate. 

(2) The flatness of the substrate tends to deterio- 
rate. 

45 (3) Attaining a high dimensional precision is diffi- 
cult. 

(4) Formation of minute wiring is difficult. 

[0007] As conventional methods to enable formation 
so of high-density wiring in a multi-layer circuit substrate, 
the following methods are known. Japanese Patent 
Application Laid-Open (kokai) No. 4-243978, for exam- 
ple, discloses a method in which a dummy green sheet 
is pressure-joined onto each of the upper and lower sur- 
55 faces of a laminate body to serve as a substrate includ- 
ing a plurality of green sheets that can be fired at low 
temperature, wherein the dummy green sheet does not 
shrink at a firing temperature of the laminate body; then 
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the resultant pressure-joined product is fired at a rela- 
tively low temperature; and subsequently the unsintered 
layer attributed to the dummy green sheet is removed by 
peeling it off after firing. Japanese Kohyo Publication 
No. 5-503498 discloses a modified technique of this 5 
method; a pressure is further applied during firing onto 
a laminate to be formed into a substrate in a direction 
perpendicular to the laminate planes. 
[0008] According to these methods, shrinkage does 
not occur easily in the X-Y plane, or in other words, in 10 
directions parallel to the laminate planes. Therefore, 
improved dimensional precision of the resultant sub- 
strate can be obtained, providing an advantage that 
breakage of wiring will not easily occur even when the 
substrate has high density wiring. However, these meth- 15 
ods are not drawn to the case in which passive compo- 
nents are contained interior of a substrate. 
[0009] Turning again to a method for producing multi- 
layer circuit boards which contain passive components, 
a third method is disclosed in Japanese Patent Applica- 20 
tion Laid-Open {kokai) No. 9-92983. This publication 
discloses a method which combines the following two 
methods; one method being directed to prevention of 
the aforementioned shrinkage in the X-Y plane of a sub- 
strate, and the other method being directed to partial 25 
incorporation, into a multi-layer circuit board, of a 
capacitor in the form of a sheet or thin film. This method 
is suitable for the production of multi-layer circuit boards 
incorporating passive components therein and having a 
high density wiring. 30 
[001 0] In this third method, when the dielectric portion 
is made of a sheet, a dielectric layer having the same 
area as that of the substrate is provided. As a result, the 
dielectric layer is exposed in an edge face of the sub- 
strate, and thus, the dielectric layer must be dense 35 
enough not to permit penetration of moisture. To meet 
this requirement, pressure is applied onto the substrate 
from both the upper and lower surfaces thereof during 
firing, to thereby make the dielectric layer sufficiently 
dense. However, the restriction in shape of the dielectric <o 
layer causes, among others, the following drawbacks: 

(1) Low level of freedom in design, due to laminar 
placement of the dielectric in a substrate, and 

(2) Problems such as crosstalk of signals tend to 45 
occur. 

[001 1 ] In the above-mentioned third method, when the 
dielectric portion is formed by use of a thick film, there is 
sometimes included a step in which a depressed por- so 
tion is formed in the sheet for substrate such that the 
depression corresponds to the region in which a dielec- 
tric portion is to be formed, and subsequently the 
depression is filled with a dielectric paste. In this case, 
among the problems involved in the aforementioned first ss 
method, i.e., the thin-film method, positional deviation of 
the thick film and variation in characteristics which may 
be caused by deformation of the dielectric paste during 



pressure-bonding of substrate sheets can be avoided; 
however, variation in thickness of a paste still remains, 
through it may become less significant. Moreover, since 
the dielectric portion is difficult to form into a laminate 
structure, there remains another problem that large 
capacity cannot be easily obtained. 

SUMMARY OF THE INVENTION 

[0012] In view of the foregoing, an object of the 
present invention, which solves the above-mentioned 
problems, is to provide a method for producing a multi- 
layer ceramic substrate which incorporates a passive 
component therein and realizes multi-functions, high 
packing density, and high precision, and to provide a 
multi-layer ceramic substrate obtained through the 
method. 

[001 3] Accordingly, the present invention is directed to 
a multi-layer ceramic substrate which includes a lami- 
nate having a plurality of laminated ceramic layers 
formed of a ceramic insulating material and a wiring 
conductor, and a passive component built into the lami- 
nate and being wired through the wiring conductor. In 
order to solve the above-mentioned technical problems, 
the mentioned passive component is formed by mono- 
lithically sintering a compact block containing a green 
ceramic functional material which is to serve as the pas- 
sive component, the compact block being built into a 
space within the laminate, and the sintering being per- 
formed simultaneously with firing of the laminate. Also, 
an interposed layer is formed at least between the pas- 
sive component and an inside wall extending in a direc- 
tion perpendicular to lamination planes of the laminate, 
the interposed layer being obtained by firing, during the 
step of firing the laminate, a mixture containing a metal 
which during firing induces oxidation reaction accompa- 
nied by expansion or a mixture containing the metal and 
an optional inorganic compound. 
[0014] The above-described interposed layer is pref- 
erably disposed also on an inside wall extending in a 
direction parallel to the lamination planes of the lami- 
nate, or on the inside wall and a face extending there- 
from. 

[0015] The present invention is also directed to a 
method for producing a multi-layer ceramic substrate 
which includes a laminate having a plurality of lami- 
nated ceramic layers formed of a ceramic insulating 
material and a wiring conductor, and a passive compo- 
nent built into the laminate and being wired through the 
wiring conductor. In order to solve the above-mentioned 
technical problems, the method comprises the steps of: 

providing a compact block to form the passive com- 
ponent, which contains a green ceramic functional 
material; 

providing a composite green laminate, wherein the 
composite green laminate contains a wiring con- 
ductor and a plurality of laminated ceramic green 
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sheets comprising a ceramic insulating material dif- 
ferent from the ceramic functional material con- 
tained in the compact block, the compact block 
being built within a space pre-disposed in the green 
laminate, and a paste containing a metal which dur- 
ing firing induces oxidation reaction accompanied 
by expansion or a paste containing said metal and 
an optional inorganic compound being provided 
within a gap at least between an inside wall extend- 
ing perpendicular to the lamination planes of the 
laminate and the compact block; 
disposing, on each of the principal surfaces located 
at both ends of the composite green laminate with 
respect to a direction perpendicular to the lamina- 
tion planes of the laminate, a sheet-like support 
formed of a green ceramic which is not sintered at 
the firing temperature of the composite green lami- 
nate; 

firing the composite green laminate in a state in 
which the composite green laminate is sandwiched 
by the sheet-like supports; and 
removing the unsintered sheet-like support. 

[001 6] In the above-described space of the provided 
composite green laminate, there is preferably provided 
a paste which contains a metal which during firing 
induces oxidation reaction accompanied by expansion 
and an optional inorganic compound also between an 
inside wall extending parallel to the lamination planes of 
the laminate and the above-described compact block, or 
on the inside wall and a face extending therefrom. 
[001 7] In the step of firing the above-mentioned com- 
posite green laminate, a load is preferably applied per- 
pendicular to the lamination planes of the composite 
green laminate via a sheet-like support. 
[001 8] The step of firing the composite green laminate 
is preferably performed at 1000°C or less. 
[0019] When the composite laminate is fired at 
1000°C or less, the sheet-like support may contain, e.g., 
alumina or zirconia. 

[0020] In the present invention, the metal which is 
used to form the interposed layer is preferably at least 
one species selected from the group consisting of Al, Si, 
Ti, Fe, Cu, Mo, W, Cr, and Zn. 
[0021] Also, in the present invention, the inorganic 
compound in a mixture containing a metal and an inor- 
ganic compound or in a paste preferably include ceram- 
ics, glass, or a mixture of ceramics and glass. 
[0022] The proportion by weight of the above-men- 
tioned metal and the inorganic compound are preferably 
100/0 to 5/95. 

[0023] The passive component which is advanta- 
geously applied to the multi-layer ceramic substrate and 
the method for producing the same according to the 
present invention includes a capacitor, an inductor, and 
the like. In the present invention, the passive component 
which is built into the ceramic substrate is not limited to 
a single component such as a capacitor or an inductor, 



and also includes a composite thereof such as an LC 
composite component which comprises a combination 
of a capacitor and an inductor. 
[0024] As the compact block, there is advantageously 

5 employed a compact block having a layer structure pro- 
viding a multi-layer of internal conductors. 
[0025] The ceramic functional materials contained in 
the compact block preferably comprise glass ceramics 
or a mixture of glass and ceramics. 

10 [0026] The ceramic insulating materials contained in 
the ceramic green sheet provided for the composite 
laminate contain glass or a mixture of glass and ceram- 
ics, and the proportions by weight of glass and ceramics 
are preferably 100/0 to 5/95. 

is [0027] The wiring conductor or internal conductor 
preferably contains as a primary component at least 
one species selected from the group consisting of Ag, 
Ag-Pt alloy, Ag-Pd alloy, Au. Ni, Pd, Pt, W, Mo, and Cu. 
[0028] Other features and advantages of the present 

20 invention will become apparent from the following 
description of the invention which refers to the accom- 
panying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

25 

[0029] 

FIG. 1 is a cross-sectional view of a multi-layer 
ceramic substrate 1 according to one preferred 

30 embodiment of the present invention. 

FIG. 2 is an equivalent circuit diagram derived from 
the multi-layer circuit substrate 1 shown in FIG. 1. 
FIG. 3 is a cross-sectional view for describing a 
method for producing the multi-layer ceramic sub- 

35 strate 1 shown in FIG. 1, showing ceramic green 
sheets 2g through 8g, compact blocks 1 0g and 1 1 g, 
and sheet-like supports 48 and 49. 
FIG. 4 is a cross-sectional view in which ceramic 
green sheets 4g through 7g and compact blocks 

40 log and 11 g are shown separately. 

PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

45 [0030] As shown in FIG. 1 , the multi-layer ceramic 
substrate 1 includes a laminate 9 having a plurality of 
laminated ceramic layers 2, 3, 4, 5, 6, 7, and 8 formed of 
a ceramic insulating material. A capacitor 10, an induc- 
tor 11, and a resistor 12 are built into the laminate 9 as 

so passive components. The laminate 9 is provided with 
wiring conductors 13, 14, 15, 16, 17, and 18 for com- 
pleting wiring among the capacitor 10, the inductor 11, 
and the resistor 12, and outer terminal conductors 19a 
and 19b disposed on the outer surface of the multi-layer 

55 ceramic substrate 1. TTius, the multi-layer ceramic sub- 
strate 1 constitutes a circuit shown in FIG. 2. 
[0031] The multi-layer ceramic substrate 1 having the 
foregoing construction is produced as follows. FIG. 4 is 
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a cross-sectional view for describing a method for 
obtaining some of the components shown in FIG. 3. 
[0032] There are individually provided a compact 
block for producing a capacitor 10g containing a green 
ceramic functional material used for forming the above- 
mentioned capacitor 10 and a compact block for pro- 
ducing an inductor 1 1 g containing a green ceramic 
functional material used for forming the inductor 1 1 . 
[0033] The compact block for producing a capacitor 
10g contains a ceramic dielectric material and has a 
lamination structure wherein a multi -layer of internal 
conductors 21 is formed from a dielectric green sheet 

20 containing the ceramic dielectric material. Terminal 
electrodes 22 and 23 are formed on opposing edge sur- 
faces of the compact block 1 0g. The internal conductors 

21 are alternately connected to the terminal electrode 

22 and the terminal electrode 23, as in the case of an 
internal electrode in known laminated ceramic capaci- 
tors. 

[0034] The compact block for producing an inductor 
11 g contains a ceramic magnetic material serving as a 
ceramic functional material and has a lamination struc- 
ture wherein a multi-layer of internal conductors 25 is 
formed from a magnetic material sheet 24 containing 
the ceramic magnetic material. Terminal electrodes 26 
and 27 are formed on opposing edge surfaces of the 
compact block 1 1g. The internal conductors 25 are con- 
nected to one another through, for example, a via-hole 
conductor 28 which penetrates magnetic sheets 24, and 
constitute in their entirety a coil-like conductor path. 
[0035] The compact block 1 0g and the compact block 
11 g are preferably firable at 1000°C or less. 
[0036] Therefore, glass ceramics or a mixture of glass 
and ceramics are advantageously employed as ceramic 
materials, i.e., ceramic dielectric materials and ceramic 
magnetic materials. More specifically, through a doctor 
blade method, a ceramic slurry obtained by mixing an 
organic vehicle with a barium titanate powder contain- 
ing a small amount of borosilicate glass is molded into a 
sheet, which may be used as the dielectric material 
sheet 20. Meanwhile, through a doctor blade method, a 
ceramic slurry obtained by mixing an organic vehicle 
with a nickel zinc ferrite powder containing a small 
amount of borosilicate glass is molded into a sheet, 
which may be used as the magnetic material sheet 24. 
[0037] As conductors forming the internal conductor 
21, the terminal electrodes 22 and 23, the internal con- 
ductor 25, the terminal electrodes 26 and 27, and the 
via-hole conductor 28, there is advantageously 
employed an electrically conductive paste containing as 
a primary component at least one species selected from 
the group consisting of Ag, Ag-Pt alloy, Ag-Pd alloy, Au, 
Ni, Pd, Pt, W, Mo, and Cu. 

[0038] The internal conductors 21 and 25 may be 
formed by applying the above-mentioned conductive 
paste onto the dielectric material sheet 20 and the mag- 
netic material sheet 24, respectively, through screen 
printing to thereby provide a specific pattern. 



[0039] In order to obtain the compact blocks 1 0g and 
11g, as mentioned above, a predetermined number of 
the dielectric material sheets 20 in which the internal 
conductors are formed and a predetermined number of 

5 the magnetic material sheets 24 in which the internal 
conductors 25 are formed are laminated, respectively, 
and the resultant laminates are preferably subjected to 
a press-bonding step wherein, for example, a hydro- 
pressure of 200 kg/cm 2 is applied. 

w [0040] There are also provided ceramic green sheets 
2g, 3g, 4g, 5g, 6g, 7g, and 8g containing a ceramic insu- 
lating material for forming the above-mentioned ceramic 
layers 2 through 8. These ceramic insulating materials 
contained in the ceramic green sheets 2g through 8g 

is are different from those contained in the above-men- 
tioned compact blocks 10g and 11g. 
[0041] The ceramic green sheets 2g through 8g are 
processed or treated in advance so as to form the 
above-mentioned compact block for producing a capac- 

20 itor 1 0g and the compact block for producing an inductor 
1 1g or to form the above-mentioned resistor 12, wiring 
conductors 13 through 18, and external terminal con- 
ductors 19a and 19b. 

[0042] More specifically, a series of via-holes 30, 31 , 

25 32, and 33 which collectively form a space 29 for receiv- 
ing the above-mentioned compact block for producing a 
capacitor 10g and a series of via-holes 35, 36, 37, and 
38 which collectively form a space 34 for receiving the 
above-mentioned compact block for producing an 

30 inductor 11g are disposed in advance on the ceramic 
green sheets 4g, 5g, 6g, and 7g, respectively. 
[0043] Also, a series of via-holes 39, 40, 41, 42, 43, 
and 44 for forming the wiring conductor 13 are disposed 
in advance on the ceramic green sheets 2g, 3g, 4g, 5g, 

35 6g, and 7g, respectively. A via-hole 45 for forming the 
wiring conductor 15 is disposed in advance on the 
ceramic green sheet 3g. A series of via-holes 46 and 47 
for forming the wiring conductor 18 are disposed in 
advance on the ceramic green sheets 2g and 3g, 

40 respectively. In the via-holes 39 through 47, an electri- 
cally conductive paste is provided for forming wiring 
conductors 13, 15, and 18. 

[0044] Through a method such as screen printing, to 
the ceramic green sheet 2g is applied an electrically 
45 conductive paste which forms the external terminal con- 
ductors 19a and 19b, so as to come in contact with the 
conductive paste in the via-holes 39 and 46, respec- 
tively. 

[0045] Through a method such as screen printing, to 
50 the ceramic green sheet 3g is applied an electrically 
conductive paste which forms the wiring conductors 16 
and 17, so as to come in contact with the conductive 
paste in the via-holes 45 and 47, respectively. A thick- 
film resistor forming the resistor 12 is provided so as to 
55 connect the electrically conductive paste forming the 
wiring conductor 16 and that forming the wiring conduc- 
tor 17. As the resistor paste which forms the thick-film 
resistor, there is advantageously used a mixture of an 
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organic vehicle and a ruthenium oxide powder contain- 
ing a small amount of borosilicate glass. 
[0046] Through a method such as screen printing, to 
the ceramic green sheet 8g is applied an electrically 
conductive paste forming the wiring conductor 1 4, so as 
to come in contact with an electrically conductive paste 
in the via-hole 44 and to expose it toward inside the 
spaces 29 and 34 when the ceramic green sheets 2g 
through 8g are laminated, i.e., so as to come in contact 
with the terminal electrodes 23 and 27 of the compact 
blocks 10g and 11 g. 

[0047] As the electrically conductive paste which pro- 
vides the above-mentioned wiring conductors 13 
through 18 and the external terminal conductors 19a 
and 19b, there is advantageously employed an electri- 
cally conductive paste containing as a primary compo- 
nent at least one species selected from the group 
consisting of Ag, Ag-Pt alloy, Ag-Pd alloy, Au ( Ni, Pd, Pt, 
W, Mo, and Cu. 

[0048] As the ceramic insulating materials contained 
in the ceramic green sheets 2g through 8g, there is pref- 
erably used an insulating material that is firable at 
1000°C or less, such as glass or a mixture of glass and 
ceramics. In this case, the proportions by weight of 
glass and ceramics are 100/0 to 5/95. When the propor- 
tions are less than 5/95, the firable temperature 
becomes in excess of 1000°C. This is disadvantageous 
in that selection of the materials such as the above- 
mentioned wiring conductors 13 through 18 is limited. 
[0049] More specifically, with regard to the ceramic 
green sheets 2g through 8g, there may be used a 
ceramic slurry which is obtained by mixing an organic 
vehicle, a borosilicate glass powder, and a barium titan- 
ate powder and molding the mixture into a sheet 
through a doctor blade method. The ceramic green 
sheets 2g through 8g obtained from such kinds of mate- 
rials can be fired at a temperature as low as 800- 
1000°C. 

[0050] By use of the thus-obtained compact blocks 
10g and 1 1g and ceramic green sheets 2g through 8g, 
the composite green laminate 1g, which provides the 
multi-layer ceramic substrate 1 when fired, is produced 
as follows. 

[0051] First, the ceramic green sheets 4g through 7g 
are laminated in advance as shown in FIG. 4. 
[0052] Next, there is applied a paste 50g containing a 
metal which during firing induces oxidation reaction 
accompanied by expansion and an optional inorganic 
compound. The paste 50g is formed by kneading the 
above-mentioned metal powder and the optional inor- 
ganic compound powder by use of an organic vehicle in 
a known manner. As the metal contained in the paste 
50g, there is advantageously used at least one species 
selected from the group consisting of Al, Si, Ti, Fe, Cu, 
Mo, W, Cr, and Zn. As the inorganic compound, there 
are advantageously used ceramics, glass, or a mixture 
of ceramics and glass. More specific examples include 
Bi 2 0 3 , CuO, Si0 2 . Ti0 2 , CaO, and BaO. The propor- 



tions by weight of the above-mentioned metal and inor- 
ganic compound is preferably 100/0 to 5/95. When the 
proportions are less than 5/95 a poor effect is obtained, 
due to expansion of the metal oxidized by firing. 

5 [0053] As shown in FIG. 4, the paste 50g is applied on 
the inside walls of the spaces 29 and 34 formed on the 
laminated ceramic green sheets 4g through 7g and is 
also applied on the outside walls opposed to the inside 
walls of the spaces 29 and 34 that correspond to the 

10 outside surfaces of the compact blocks 10g and 1 1 g. 
[0054] Subsequently, as shown in FIG. 3, the compact 
blocks 10g and 1 1g are built into the spaces 29 and 34, 
respectively, to thereby position the paste 50g in the 
spaces 29 and 34 between the inside walls extending 

is perpendicular to the lamination planes of the ceramic 
green sheets 4g through 7g and the compact blocks 1 0g 
and 11g, respectively. In order to obtain such position- 
ing of the paste 50g, the paste may be applied on either 
of the inside walls of the spaces 29 and 34 and the out- 

20 side walls of the compact blocks 10g and 1 1g, but not 
both. 

[0055] When the compact blocks 1 0g and 1 1 g are built 
into the spaces 29 and 34 as mentioned above, the ter- 
minal electrodes 22, 23, 26, and 27 are exposed from 

25 the respective openings of the spaces 29 and 34. Then, 
the step of press-bonding is performed at, for example, 
a hydro-pressure of 500 kg/cm 2 , to thereby press-bond 
the ceramic green sheets 4g through 7g. Thus, inter- 
layer adhesion among the ceramic green sheets 4g 

30 through 7g is enhanced and interspace adhesion 
between the compact blocks 1 0g and 1 1 g and the paste 
50g and that between the paste 50g and the inside walls 
of the spaces 29 and 34 are also enhanced. 
[0056] Then, ceramic green sheets 2g and 3g are lam- 

35 inated on the above-mentioned ceramic green sheets 
4g through 7g and a ceramic green sheet 8g is lami- 
nated beneath the green sheets 4g through 7g, to 
thereby obtain the composite laminate 1g. In the com- 
posite laminate 1g, an electrically conductive pastedis- 

40 posed in the via-holes 39 through 44 forms the wiring 
conductor 13 which is connected with the wiring con- 
ductor 14; an electrically conductive paste disposed in 
the via-hole 45 is connected with the terminal electrode 
22 of the compact block 1 0g; and an electrically conduc- 
es tive paste disposed in the via-holes 46 and 47 forms the 
wiring conductor 18 and is connected with the terminal 
electrode 26 of the compact block 11g. The terminal 
electrodes 23 and 27 of the compact blocks 10g and 
1 1g are connected with the wiring conductor 14. 

so [0057] As mentioned above, the paste 50g may be 
applied on the surfaces exposed from the openings of 
the spaces 29 and 34 in the compact block 1 0g and 1 1 g 
before the ceramic green sheets 2g, 3g, and 8g are lam- 
inated on and beneath the ceramic green sheets 4g 

55 through 7g, or the paste may be applied on the interface 
between the ceramic green sheets 3g and 4g or on the 
interface between the ceramic green sheets 7g and 8g. 
Needless to say, since the paste 50g must be applied 
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under conditions such that the above-mentioned elec- 
tric contact is not inhibited, application of the paste is 
not always be appropriate, but might be satisfactorily 
employed depending on the wiring conditions when the 
wiring shown in FIG. 3 is required. 
[0058] Meanwhile, there are also provided the sheet- 
like supports 48 and 49 formed of green ceramics which 
are not sintered at the sintering temperature of the com- 
posite green laminate 1g. As mentioned above, when 
the compact blocks 10g and 1 1g and the ceramic green 
sheets 2g through 8g are firable at 1000°C or less, the 
composite green laminate 1g obtained therefrom must 
be firable at 1000°C or less. Therefore, a material which 
is not sintered at 1000°C may be used as the material 
for producing the sheet-like supports 48 and 49. For 
example, there is advantageously used a ceramic slurry 
obtained by mixing an organic vehicle and a powder of 
ceramics such as alumina or zirconia, which is subse- 
quently molded into a sheet. 

[0059] The sheet-like supports 48 and 49 are dis- 
posed on the main surfaces located at the edges per- 
pendicular to the lamination planes of the composite 
green laminate 1g, i.e., disposed on the two main sur- 
faces. The composite green laminate 1g is then press- 
bonded with the sheet-like supports 48 and 49. For 
example, a hydro-pressure of 1000 kg/cm 2 is applied 
during the press-bonding step. 
[0060] Subsequently, the composite green laminate 
1g is fired, e.g., in air at 900°C, while being press- 
bonded with the sheet-like supports 48 and 49. During 
the firing step, the composite green laminate 1g is pref- 
erably pressed perpendicular to the lamination planes 
via the sheet-like supports 48 and 49. Through the step, 
the compact blocks 10g and 11g are fired to thereby 
form the sintered capacitor 10 and inductor 1 1 , respec- 
tively; the ceramic green sheets 2g through 8g are fired 
to thereby form the laminate 9 comprising the plurality of 
sintered ceramic layers 2 through 8; and the paste 50g 
is fired to thereby form the sintered interposed layer 50. 
Thus, the completely sintered multi-layer ceramic sub- 
strate 1 is obtained. 

[0061 ] Even when such a firing step is completed, the 
sheet-like supports 48 and 49 remain unsintered and 
are easily removed by peeling off. Thus, the desired 
multi-layer ceramic substrate 1 can be obtained by 
removing the sheet-like supports 48 and 49 after cool- 
ing. 

[0062] Since the above-mentioned sheet-like supports 
48 and 49 are not sintered during the firing step, no sub- 
stantial shrinkage is generated. Therefore, there is 
advantageously suppressed shrinkage in the X-Y plane 
(lamination planes) of the composite green laminate 1 
sandwiched by the sheet-like supports 48 and 49, i.e., 
the plane of the main surface main surfaces of the 
ceramic green sheets 2g through 8g. This enhances the 
dimensional precision of the multi-layer ceramic sub- 
strate and prevents the occurrence of problems, e.g., 
breakage of minute and high-density wiring made of the 



wiring conductors 13 through 18. The capacitor 10, the 
inductor 1 1 , and the resistor 12 are experimentally con- 
firmed to show characteristics as designed. 
[0063] As mentioned above, since the shrinkage in the 

5 X-Y plane is suppressed, the sintering behavior of the 
compact blocks 10g and 11g and the ceramic green 
sheets 2g through 8g may be easily synchronized dur- 
ing simultaneous firing thereof with the composite lami- 
nate 1g. Thus, there may be used any of a wide range 

10 of materials for producing the compact blocks 10g and 
1 1g and the ceramic green sheets 2g through 8g. 
[0064] Expansion occurs when the paste 50g is fired 
to form the interposed layer 50. 
[0065] More specifically, during firing a metal con- 

75 tained in the paste 50g induces oxidation reaction 
accompanied by expansion. When the paste 50g con- 
tains no inorganic compound, after firing the interposed 
layer 50 comprises an oxide of the corresponding metal 
and a complex oxide formed by reaction between the 

20 metal and a ceramic component contained in the com- 
pact block 10g or 1 1g and the ceramic green sheets 4g 
through 7g, which come in contact with the metal. When 
the paste 50g contains a metal and an inorganic com- 
pound, after firing the interposed layer 50 comprises the 

25 above-mentioned metal oxide; a complex oxide formed 
by reaction between the metal and a ceramic compo- 
nent contained in the compact block 10g or 1 1g and the 
ceramic green sheets 4g through 7g, which come in 
contact with the metal; an inorganic compound; and a 

30 complex compound formed by reaction between a metal 
and an inorganic compound. Expansion might also 
occur during the reaction between the metal and the 
inorganic compound. 

[0066] In the case in which the paste contains both a 
35 metal and an inorganic compound, and the metal is Al 
and the inorganic compound is Bi 2 0 3 , examples of the 
formed complex compound include Bi 2 AI 4 0 9 . Similarly, 
CuAI 2 0 4 , AI 2 Si0 5 , TiA! 2 0 5l CaAI 4 0 7 , and BaAI 12 O g 
may be formed as the complex compounds when CuO, 
40 Si0 2 , Ti0 2 , CaO, and BaO, respectively, are used as 
the inorganic compounds. 

[0067] Such expansion occurring when the paste 50g 
is fired to form the interposed layer 50 acts to compen- 
sate for gaps generated between the spaces 29 and 34, 

45 and the compact blocks 10g and 11g. As mentioned 
above, at the portions where the compact blocks 10g 
and 11g and the ceramic green sheets 3g and 8g are 
mutually opposed, such gap generation is compara- 
tively easily prevented by pressing the composite green 

so laminate 1g perpendicular to the lamination planes via 
the sheet-like supports 48 and 49. However, at the por- 
tions where the inside walls of the spaces 29 and 34 
extending perpendicular to the lamination planes and 
the compact blocks 1 0g and 1 1 g and the ceramic green 

55 sheets 3g and 8g are mutually opposed, a restraining 
force transmitted via the sheet-like supports 48 and 49 
has insufficient effects and gaps are easily generated. 
[0068] The above-mentioned expansion phenomenon 
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of the paste 50g is particularly effective in compensating 
gaps generated at the portions where the inside walls of 
the spaces 29 and 34 extending perpendicular to the 
lamination planes and the compact blocks 10g and 11 g 
and the ceramic green sheets 3g and 8g are mutually 
opposed. 

[0069] When the paste 50g is not provided or the 
paste 50g is provided but contains no metal mentioned 
above, gaps might be generated at the portions where 
the inside walls of the spaces 29 and 34 extending per- 
pendicular to the lamination planes and the compact 
blocks 10g and 11g and the ceramic green sheets 3g 
and 8g are mutually opposed. In this case, the surface 
of the obtained multi-layer ceramic substrate night con- 
tain concave dimples. In more severe cases, generation 
of cracks extending perpendicular to the lamination 
planes at the surface of the multi-layer ceramic sub- 
strate and the interface thereof with a passive compo- 
nent has been experimentally confirmed. 
[0070] As the present invention is described herein 
with reference to the illustrated figures of the embodi- 
ment, a variety of modifications may be possible within 
the scope of the present invention. 
[0071 ] For example, the circuit design employed in the 
illustrated multi-layer ceramic substrate 1 is merely a 
typical example which enables easier understanding of 
the present invention, and the invention can be equally 
applied to multi-layer ceramic substrates having any of a 
variety of wiring designs. 

[0072] The compact blocks are not limited to a single 
component such as a capacitor or an inductor, and an 
LC composite component may be applied. 
[0073] In the above-described preferred embodiment, 
the spaces 29 and 34 for receiving the compact blocks 
1 0g and 1 1 g are formed by via-holes 30 through 33 and 
35 through 38 provided in the ceramic green sheets 4g 
through 7g; however, a space for receiving a compact 
block may be formed by a concave portion provided in a 
specific ceramic green sheet, depending on the size 
and shape of the block. 

[0074] As described hereinabove, according to the 
multi-layer ceramic substrate of the present invention 
and method for producing the same, a passive compo- 
nent built into a laminate having a plurality of laminated 
ceramic layers provided for the multi -layer ceramic sub- 
strate and a wiring conductor is monolithically sintered 
during simultaneous firing of a laminate and a compact 
block containing a functional ceramic green material 
built into the laminate. Therefore, the characteristics 
possessed by the passive component are substantially 
determined during the step in which the compact block 
is obtained. The latent characteristics of the compact 
block are substantially maintained after sintering. 
Therefore, if the compact block is produced in an appro- 
priate manner, the characteristics of the passive compo- 
nent built into the multi-layer ceramic substrate are 
realized as designed. Thus, there are provided multi- 
layer ceramic substrate having stable qualities. The 



present invention easily realizes a multi-layer ceramic 
substrate having multi-functions, high packing density, 
high precision, and high performance. 
[0075] The present invention also provides a multi- 

5 layer ceramic substrate having excellent environmental 
resistance such as moisture resistance, since the pas- 
sive component is completely built into the laminate. 
[0076] According to the present invention, the passive 
component is three-dimensionally disposed in the muiti- 

10 layer ceramic substrate to thereby provide a high 
degree of design freedom, and problems such as signal 
crosstalk are advantageously prevented. 
[0077] Also, according to the multi-layer ceramic sub- 
strate of the present invention, an interposed layer is 

15 formed between an inside wall extending at least per- 
pendicular to the lamination planes of the laminate and 
the passive component disposed within the space into 
which a compact block containing a green ceramic func- 
tional material for forming the passive component is 

20 built. According to the method for producing the same, 
during the step of firing the laminate the interposed 
layer is obtained by firing a paste containing a metal 
which during firing induces oxidation reaction accompa- 
nied by expansion and an optional inorganic compound. 

25 Therefore, gaps generated between the space and the 
block are advantageously compensated, to thereby pre- 
vent gap-induced generation of dimples and cracks on 
the surface of the multi-layer ceramic substrate and to 
thereby obtain a multi-layer ceramic substrate having 

30 excellent reliability. 

[0078] According to the method for producing the 
multi-layer ceramic substrate of the present invention, 
there is provided a compact block containing a green 
ceramic functional material for forming the passive oom- 

35 ponent to be built, and the composite green laminate 
into which the compact green block is built, and the 
resultant laminate is fired. Therefore, rigorous control of 
shrinkage during firing is nor required as compared with 
the case in which the pre-fired passive component is 

40 fired while being built in. This allows use of a wide range 
of materials for producing the ceramic green sheet 
forming the laminate. 

[0079] According to the method for producing the 
multi-layer ceramic substrate of the present invention, 

45 there is provided in advance space for receiving a com- 
pact block for forming the passive component in the 
composite green laminate. Therefore, the planar sur- 
face of the obtained multi-layer ceramic substrate is 
maintained well. Since undesirable deformation and 

so breakage of the wiring conductor can be prevented, 
high-density wiring can be realized with high dimen- 
sional precision and without variation of the characteris- 
tics. The number of lamination layers of the ceramic 
layer which forms the multi-layer ceramic substrate can 

55 be increased, to thereby easily produce a multi-layer 
ceramic substrate having high performance. 
[0080] According to the method for producing the 
multi-layer ceramic substrate of the present invention, a 
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composite green laminate is fired while a sheet-like sup- 
port formed of a green ceramic which is not sintered at 
the firing temperature of the composite green laminate 
is provided on each of the principal surfaces located on 
the edge of the composite green laminate parallel to the 
lamination planes. Since the sheet-like support is not 
sintered, no substantial shrinkage is generated, to 
thereby suppress shrinkage in the X-Y plane (lamina- 
tion planes) of the composite laminate sandwiched by 
the sheet-like supports. Therefore, the dimensional pre- 
cision of the multi-layer ceramic substrate increases to 
thereby prevent the occurrence of problems, e.g., 
breakage of minute and higlvdensity wiring. As men- 
tioned above, since the shrinkage in the X-Y plane is 
suppressed, the sintering behavior of the compact 
blocks and the ceramic green sheets may be easily syn- 
chronized during simultaneous firing thereof with the 
composite laminate. Thus, any of a wide range of mate- 
rials may be used for producing the compact blocks and 
the ceramic green sheets. 

[0081] When the composite green laminate is fired 
while a load is preferably applied perpendicular to the 
lamination planes thereof via the above-mentioned 
sheet-like supports, interlayer adhesion in the lamina- 
tion planes of the laminate is enhanced. This reliably 
prevents generation of undesirable gaps between the 
spaces and the blocks, as well as expansion phenome- 
non during firing of a paste containing the above-men- 
tioned metal and the optional inorganic compound. 
[0082] In the present invention, when at least one spe- 
cies selected from the group consisting of Al, Si, Ti, Fe, 
Cu, Mo, W, Cr, and Zn is used as the metal for forming 
the interposed layer, there can be effectively induced, 
during the firing step, oxidation reaction accompanied 
by expansion. 

[0083] Also in the present invention, when ceramics, 
glass, or a mixture of ceramics and glass is used as the 
inorganic compound in a mixture containing a metal and 
an inorganic compound or in a paste to form the inter- 
posed layer, there can also be effectively induced, dur- 
ing the firing step, oxidation reaction accompanied by 
expansion. 

[0084] When the proportions by weight of the metal 
and inorganic compound in the paste forming the inter- 
posed layer are 100/0 to 5/95, there can be effectively 
induced expansion phenomenon due to oxidation reac- 
tion of the metal. 

[0085] Also, when the compact block forming a pas- 
sive component has a lamination structure comprising a 
multi-layer of internal conductors, there can be obtained 
a capacitor having high capacitance or an inductor hav- 
ing high inductance. 

[0086] In the present invention, a composite laminate 
can be fired at a comparatively low temperature, e.g., 
1000°C, when the ceramic functional materials con- 
tained in the compact block comprise glass ceramics or 
a mixture of glass and ceramics or the ceramic insulat- 
ing materials contained in the ceramic green sheet pro- 



vided for the composite laminate comprise glass or a 
mixture of glass and ceramics and the proportions by 
weight of glass and ceramics is 100/0 to 5/95. There- 
fore, there can be used without any problem a wiring 

5 conductor containing at least one species selected from 
the group consisting of Ag, an Ag-Pt alloy, an Ag-Pd 
alloy, Au, Ni, Pd, Pt, W, Mo, and Cu, as a primary com- 
ponent. With regard to the above-mentioned sheet-like 
support, there can be used a support containing alu- 

10 mina or zirconia, which has comparatively high availa- 
bility and chemical stability. 

[0087] While the invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it will be understood by those 
is skilled in the art that the forgoing and other changes in 
form and details may be made therein without departing 
from the spirit of the invention. 



Claims 

20 

1 . A multi-layer ceramic substrate (1), comprising: 

a laminate (9) having a plurality of laminated 
ceramic layers (2-8) formed of a ceramic insu- 
25 lating material and a wiring conductor (13-18); 

a passive component (10; 1 1) built into the lam- 
inate (9) and being wired through the wiring 
conductor; 

the passive component being formed by mono- 

30 lithically sintering, simultaneously with firing of 

the laminate (9), a compact block (10g, 11g) 
containing a green ceramic functional material 
which is to serve as the passive component, 
the compact block (10g, 1 1g) being built into a 

35 space (29, 34) within the laminate (9); 

an interposed layer (50) formed at least 
between the passive component (10, 11) and 
an inside wall extending in a direction perpen- 
dicular to lamination planes of the laminate (9); 

<o the interposed layer (50) being obtained by fir- 

ing, during the step of firing the laminate (9), a 
mixture (50g) containing a metal which during 
firing induces oxidation reaction accompanied 
by expansion or a mixture containing said 

45 metal and an optional inorganic compound. 

2. The multi-layer ceramic substrate (1) according to 
Claim 1, wherein the interposed layer is also 
formed between the passive component (10, 11) 

so and an inside wall extending in a direction parallel 
to the lamination planes of the laminate (9), or on 
said inside wall and a face extending therefrom. 

3. The multi-layer ceramic substrate (1) according to 
55 Claim 1 or 2, wherein the metal is at least one spe- 
cies selected from the group consisting of Al, Si, Ti, 
Fe. Cu, Mo, W, Cr, and Zn. 



9 



06/02/2003, EAST Version: 1.04.0000 



17 



EP0 929 207 A2 



18 



4. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 3, wherein the inor- 
ganic compound comprises ceramics, glass, or a 
mixture of ceramics and glass. 

5 

5. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 4, wherein the propor- 
tions by weight of the metal and the inorganic com- 
pound are 100/0 to 5/95. 

10 

6. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 5, wherein the passive 
component (10, 11) comprises a capacitor or an 
inductor. 

15 

7. The multi-layer ceramic substrate according to any 
one of Claims 1 through 6, wherein the compact 
block (10g, 11g) has a layer structure providing a 
multi-layer internal conductor. 

20 

8. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 7, wherein the ceramic 
functional material contained in the compact block 
(1 0g, 11 g) comprises glass ceramics or a mixture of 
glass and ceramics. 25 

9. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 8, wherein the ceramic 
insulating material that constitutes the ceramic lay- 
ers comprises glass or a mixture of glass and 30 
ceramics, wherein the proportions by weight of the 
glass and the ceramics are 100/0 to 5/95. 

10. The multi-layer ceramic substrate (1) according to 
any one of Claims 1 through 9, wherein the wiring 35 
conductor (13-18) or the internal conductor con- 
tains as a primary component at least one species 
selected from the group consisting of Ag, Ag-Pt 
alloy, Ag-Pd alloy, Au, Ni, Pd, Pt, W, Mo, and Cu. 

40 

11. A method for producing a multi-layer ceramic sub- 
strate (1) including a laminate (9) having a plurality 
of laminated ceramic layers (2-8) formed of a 
ceramic insulating material and a wiring conductor 
(13-18), and a passive component (10, 11) built into 45 
the laminate (9) and being wired through the wiring 
conductor (13-18), comprising the steps of: 

providing a compact block (10g, 1 1g) to form 
the passive component (10, 11), which con- so 
tains a green ceramic functional material; 
providing a composite green laminate (1g), 
wherein the composite green laminate contains 
a wiring conductor (13) and a plurality of lami- 
nated ceramic green sheets (4g-7g) compris- ss 
ing a ceramic insulating material different from 
the ceramic functional material contained in the 
compact block (10g, 11g), the compact block 



(10g, 11 g) being built within a space (29, 34) 
pre-disposed in the green laminate (1g), and a 
paste (50g) containing a metal which during fir- 
ing induces oxidation reaction accompanied by 
expansion or a paste containing said metal and 
an optional inorganic compound being pro- 
vided within a gap at least between an inside 
wall extending perpendicular to the lamination 
planes of the laminate (1g) and the compact 
block (10g, 11g); 

disposing, on each of the principal surfaces 
located at both ends of the composite green 
laminate with respect to a direction perpendic- 
ular to the lamination planes of the laminate 
(1g), a sheet-like support (48, 49) formed of a 
green ceramic which is not sintered at the firing 
temperature of the composite green laminate; 
firing the composite green laminate (1g) in a 
state in which the composite green laminate 
(1g) is sandwiched by the sheet-like supports 
(48, 49); and 

removing the unsintered sheet-like supports 
(48, 49). 

12. The method according to Claim 11, wherein in the 
step of providing a composite green laminate (1g), 
said paste is also provided in a space between said 
compact block (10g, 11 g) and an inside wall 
extending in a direction parallel to the lamination 
planes of the laminate (1g), or on said inside wall 
and a face extending therefrom. 

13. The method according to Claim 1 1 or 12, wherein, 
in the step of firing the composite green laminate 
(1g), a load is applied perpendicular to the lamina- 
tion planes of the composite green laminate (1g) via 
the sheet-like support (48, 49). 

14. The method according to any one of Claims 11 
through 13, wherein the step of firing the composite 
green laminate (1g) is performed at 1000°C or less. 

15. The method according to Claim 14, wherein the 
sheet-like support (48, 49) contains alumina or zir- 
conia. 

16. The method according to any one of Claims 11 
through 15, wherein the metal is at least one spe- 
cies selected from the group consisting of Al, Si, Ti, 
Fe, Cu, Mo, W, Cr, and Zn. 

17. The method according to any one of Claims 11 
through 16, wherein the inorganic compound com- 
prises ceramics, glass, or a mixture of ceramics 
and glass. 

18. The method according to any one of Claims 11 
through 17, wherein the proportions by weight of 



40 



10 



06/02/2003, EAST Version: 1.04.0000 



19 EP 0 929 207 A2 20 

the metat and the inorganic compound are 100/0 to 
5/95. 

19. The method according to any one of Claims 11 
through 1 8, wherein the compact block (1 Og, 1 1 g), 5 
after undergoing sintering, is transformed so as to 
function as a capacitor (10) or an inductor (11). 

20. The method according to any one of Claims 11 
through 19, wherein the compact block (10g, 11g) 10 
has a layer structure providing a multi-layer internal 
conductor. 

21. The method according to any one of Claims 11 
through 20, wherein the ceramic functional material is 
contained in the compact block (10g, 11g) com- 
prises glass ceramics or a mixture of glass and 
ceramics. 

22. The method according to any one of Claims 1 1 
through 21, wherein the ceramic insulating material 
contained in the ceramic green sheet provided in 
the composite laminate (1g) comprises glass or a 
mixture of glass and ceramics, wherein the propor- 
tions by weight of the glass and the ceramics are 
100/0 to 5/95. 

23. The method according to any one of Claims 1 1 
through 22, wherein the wiring conductor (13) or 
the internal conductor contains as a primary com- 30 
ponent at least one species selected from the group 
consisting of Ag, Ag-Pt alloy, Ag-Pd alloy, Au, Ni, 
Pd, Pt, W, Mo, and Cu. 
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